Abstract. We investigate the properties of correlation based networks originating from economic complex systems, such as the network of stocks traded at the New York Stock Exchange (NYSE). The weaker links (low correlation) of the system are found to contribute to the overall connectivity of the network significantly more than the strong links (high correlation). We find that nodes connected through strong links form well defined communities. These communities are clustered together in more complex ways compared to the widely used classification according to the economic activity. We find that some companies, such as General Electric (GE), Coca Cola (KO), and others, can be involved in different communities. The communities are found to be quite stable over time. Similar results were obtained by investigating markets completely different in size and properties, such as the Athens Stock Exchange (ASE). The present method may be also useful for other networks generated through correlations. 
, enable us to extract useful information and to better describe properties of complex systems. Examples of complex systems that have been recently investigated from this perspective include the Internet [11, 12] , the World Wide Web [13] , communication networks [14] , food webs [15] , sexual contact networks [16] and economic networks [17, 18, 21] .
The problem of extracting useful information from a system becomes more difficult in the case of correlation based networks, since these networks are usually complete graphs (all links between elements are present). On the other hand, understanding the behavior of networks originating from empirical correlation matrices is a very important task in many scientific fields, since correlation matrices appear in the study of multivariate time series.
In order to make correlation based networks simpler to understand and extract information from them, the use of filtering techniques was suggested [17, 18] . Filtering techniques, like the Minimum Spanning Tree (MST) [17] , reduce the number of links of the network and keep all the nodes connected with a total maximum weight.
In this work we study correlation based networks by exploring the evolution and temporal dynamics of the structures occurring after the removal of a certain fraction q of links, without forcing all the nodes to remain connected to the network. We identify a particular value of this fraction, q ≈ 0.995, close to which structural properties of the network become clearer. We therefore study the communities of stocks at this particular point.
Methods: Creating and Destructing the Network
In many complex systems the network is built by using correlations between the dynamics of the nodes. This is, for example, the case in economic networks, where a weighted link is assigned between two nodes representing different stocks according to the cross correlation between the return time series of each stock.
In the present study we create a correlation based network using the closing prices of a portfolio comprising of 1062 stocks traded in the New York Stock Exchange (NYSE) in the period 1987 to 1998. From the daily closing price time series we can create a correlation based network by following the procedure that we describe bellow. First we calculate the correlation coefficient between each pair of stocks, i and j defined as,
where . . . is the time average over the investigated time period. Here r i = r i (t) is the logarithmic return, defined by r i (t) = lnP i (t)−lnP i (t−∆t), and P i (t) is the daily closing price of stock i at day t. If two stocks, i and j, are completely correlated (anti-correlated) then ρ ij = +1(−1), while if the two stocks are completely uncorrelated then ρ ij = 0 1 . In our case ∆t = 1 day. By calculating the correlation coefficient for all pair of stocks, we obtain the correlation coefficient matrix of the system. Such matrices were studied in [19, 20] and are known to have a large amount of noise, that can be attributed to false correlation estimates due to the finite size length of the time series.
An empirical correlation matrix can be viewed as a fully connected weighted network by transforming the correlation coefficient to a distance, using an appropriate function as a metric [17] . The function that we used for this transformation is [17] 
where small values of the distance d ij imply strong correlation for the pair of stocks, i and j, and vice versa.
Next we investigate two methods of removing the links from this fully connected network, both resulting in sparser graphs with totally different properties. From these differences we can learn about the structure of the network.
We begin by sorting the weights in increasing order. In the first method we repeatedly remove links from lower to higher values of d ij (high to low correlations). In the second method we repeatedly remove links starting from the highest values to lowest values of d ij (low to high correlations). A similar approach to our second method was implemented by Onnela et al. [21] . In this work the authors used two sets, one of 116 and one of 477 stocks traded in the NYSE, and they begun adding links to the initially completely disconnected network starting from the highest to lowest correlation values.
We find that after removing the stronger correlated In Figure 1 we plot some representative results of the above procedure. The algorithm we are using [23] is able to calculate all the 
Results
The first finding is that when we remove the weaker links, the nodes are clustered according to the sector of economic activity, and this is in general expected, since the intrasector correlations between stocks are usually very strong.
Typical mean values of weights of links classified as intrasector, inter-sector, intra-sub-sector, etc. and their estimated standard deviation were computed by Tumminello et al. [24] using a bootstrap technique. However, with our approach we can identify also, in the same community, nodes from different sectors. As an example, in Another widely used method to identify clusters in a network of n of stocks according to the sector of economic activity is the Minimum Spanning Tree (MST) technique [17, 21, 25, 26 ]. An MST analysis was performed using a dataset similar to the one we use by Bonanno et al. [27] . Next, we study the dynamic evolution of the networks by comparing links using annual data. We approach this by analysing the network in a similar fashion to the analysis of the dynamics of Minimum Spanning Trees [25, 26] .
The single-step similarity probability is a measure of how many common links exist in the networks for two consecutive years, after we removed the same percentage of removed links q. The single step similarity probability is defined as: where E(t) is the set of edges of the network at time t, '∩' is the intersection operator and the operator '|. . .|' gives the number of elements in the set.
Accordingly, the multi-step similarity probability at time t, after we remove a fraction q of the initial network, is defined as: network of the whole market). The presence of these noisy connections in the network makes it almost impossible to predict the price movement of one stock only by using information about the price movement of another.
Discussion
We found that correlation based networks show great tolerance to the removal of the stronger links since the net- 
